Introduction
CRC is the third most common cancer in US men, after lung and prostate. It is the second most common malignancy in women, after breast cancer (1, 2) . CRC varies based on patient demographics. The aim of this report is to highlight remarkable differences in European cancer incidence with special attention to Hungary, Slovakia and Croatia (Fig. 1 ). It is revealing to project data of CRC in Central Europe on CRC in other European populations, on the US whites, blacks and on Ashkenazi Jews in the USA who originate from Central Europe (3) . Remarkably, Ashkenazi from Ukraine and Belarus do not exhibit such high CRC. The populations of Austria, Poland, Romania, Ukraine and Russia also do not share such high burden of CRC. This removes former Austro-Hungary as a historic target to blame for CRC.
High incidence of CRC in Hungary, Slovakia and Croatia is region-specifi c and unrelated to the devastating health mismanagement of past communism (4, 5) . Croatia with a high incidence of CRC experienced a "softer", non-soviet brand of communism. Cardiovascular disease, alcoholism, suicides and low life expectancy are typical for former Soviet Union, yet the incidence of CRC in Russia is only about 60 % compared with Hungary (Tab. 1). Neither smoking appears as an important risk for CRC in Central Europe. Balkan countries have high addiction to smoking. Bul-garia has up to 47 % of regular smokers, while Croatia with very high incidence of CRC has 34 %.
Risk of CRC progressively increases with age. Data from the Surveillance Epidemiology and End Results (SEER) registry in the USA revealed age specifi c incidence of CRC. Yet, this malignancy in both white and black Americans at age 55-59 is substantially lower than in the Central East Europe. This is true even for blacks aged over 80 years. This highest risk cohort of blacks has CRC incidence 30.8 per 100,000 (6) , in comparison, Hungary has incidence 49.3, Slovakia 43.5. The CRC rates in Czech women and in Japan have exceeded the incidence reported in women in the USA, Canada and Australia (7) .
Ethnic differences have also been noted in expression of other malignancies: prostate, breast, gastric and esophageal cancer (8) . Recognition of ethnic and racial disease predisposition is not racism but an ethical diagnostic tool, assisting in revealing disease pathogenesis and in proposing effective disease management.
Biological challenge of high incidence of CRC in Central East Europe has to be deciphered using genetic and epigenetic research. This review analyzes potential genetic and epigenetic risks for CRC, including infl ammatory bowel disease (IBD) and the role of diet. Nutrients immunomodulate the intestinal microbiota, potentially contributing to malignant intestinal cell transformation.
There is a reason for tempered optimism. Changing trends in CRC incidence in recent decades suggest the presence of important non genetic environmental mechanisms in the pathogenesis of CRC. Public awareness of health burden of CRC is essential. The potential for reducing consequences of CRC malignancy may thus be substantial (9) . Preventive measures and early detection lead to a much better prognosis in patients diagnosed early: progression from detectable precancerous lesions to advanced CRC is slow.
Regional and ethnic epidemiology of colorectal cancer
Extensive survey of epidemiology in malignant disorders in Central and South Eastern Europe covering the past 20 -40 years (Figs 2, 3, 4) confi rmed wide regional differences (10) . CRC was noted to be prominent in Hungary, Slovakia, Czech Republic and Croatia. High incidence of CRC results in specifi c mortality in these countries to be twice or three times higher than in nearby countries with low incidence, Bosnia, Greece and Albania. Time trends in CRC in the Czech Republic and neighboring countries demonstrate diverse patterns in the last two decades (11) .
Each year approximately 8,000 people are diagnosed in the Czech Republic with CRC and about 4,000 die from this malignancy (12 European country to implement an organized CRC screening program was Germany in 1976. Another potentially predictable tool in CRC epidemiology is based on CRC clinical presentation. Attempts to compare different geographic regions on the basis of CRC staging are incomplete and do not include all the high risk countries in Europe (14) . Equally diffi cult is interpretation of difference in CRC based on surgery leading to cancer resection and patient survival. There may be difference in tumor location related to the ethnic group. Even at an advanced metastatic stage, patients with CRC distal to the splenic fl exure have twice better prognosis than the right colonic tumors. US patients with CRC have more frequently surgical resection compared to other countries. The three year survival appears to be higher for the US than for most European patients. This may also be related to CRC staging at the fi rst diagnosis.
Tab. 1. Trends in colorectal male cancer mortality in the past two decades manifest highest incidence in Hungary, Slovakia and Croatia with a remarkable decline in the
Each year 140,000 people in the US are diagnosed with CRC (15). Most of these will be classifi ed as sporadic, but estimates suggest that 5-6 % of CRC develops as a result of inherited gene mutation. Critically important is early diagnosis and the cancer stage: of the four stages, 1-2 stage is diagnosed in about 39 % of US patients, when cancer is still localized and carries up to 85 % survival at fi ve years (16) .
Marked ethnic differences in CRC have been reported comparing Caucasian (white) population with African Americans (blacks) and Asians in the US. CRC incidence and mortality is higher in blacks than in whites (6) .
Differences were also observed in the prevalence and location of large colon polyps and tumor location based on age, sex and ethnicity (17, 18) . Racial disparity in colon cancer may be due, in part, to biological differences in tumor type (19) . Prevalence of microsatellite instability in CRC histological samples was 7 % among American blacks compared with 14 % among white patients.
In contrast to innate genetic mechanisms in CRC, acquired and environmental factors are suggested by the recent variation in the incidence of CRC in the United States where this malignancy declined in both men and women since 1975, particularly in people over the age of 75 (20) . This retrospective cohort of over 393,000 patients from 1975 to 2010 also revealed a 2 % increase among those aged 20 -34 years.
CRC in Ashkenazi Jews is intriguing when comparing their high CRC incidence with CRC in Central East Europe. Ashkenazi Jews resided mostly in Germany and Austro-Hungary. Relatively later they extended their diaspora to Poland, Ukraine and Belarus. They differ in ethnicity from Sephardic Jews who originated predominantly at the Iberian Peninsula. It is the Ashkenazi Jews with origin from Central Europe who have the highest incidence of IBD and CRC among all Jews (21) . Curiously, CRC is less frequent in Ashkenazis from Poland and Ukraine. This observation has been confi rmed in Jews living in the United States.
This suggests the presence of important genotypic factors contributing to high CRC in Central East Europeans. These may have been preserved in Ashkenazi from Central Europe even for several generations, after they moved out of the European location. Tracking CRC in Jewish patients may prove revealing in analyzing results of genome wide screening that compared Jewish communities from around the world (22) .
Jewish communities in Europe and in the Middle East share many genes inherited from ancestral Jewish population that lived in the Middle East some 3,000 years ago. The Ashkenazis fi rst appeared in Northern Europe around 800 A.D. They thrived in Northern and Eastern Europe until their devastation by Hitler. Now they live mostly in the US. Their shared genetic elements suggest that members of any Jewish community are related to one another about ten times more closely than to any non Jewish people chosen at random. Women of Ashkenazi descent in the United States proved in a random genetic testing positive for cancer-causing genetic mutations (20) . Ashkenazis from Central Europe may present a more preserved sample of CRC genotype than the non-Jewish population in these countries.
Infl ammatory bowel disease and colorectal cancer
Chronic intestinal infl ammation is well established as a risk factor for CRC. The mechanism for this association remains unclear (23) . IBD is comprised of two major phenotypes, ulcerative colitis and Crohn's disease. Regional and ethnic differences in IBD may offer the answer to high incidence of CRC in Central East Europe.
There have been numerous experimental studies suggesting that infl ammatory cells and their associated mediators form a microenvironment favoring the development of CRC, most likely by enhancing DNA damage in epithelial cells (24) . Susceptibility to IBD is partly determined by genes encoding immune responses which are triggered by environmental stimuli.
Intestinal microbial environment has the potential to modulate the development of CRC. Intestinal microbiota may promote intestinal tumorigenesis by the expansion of microorganisms with genotoxic capabilities (23) . Intestinal barrier dysfunction may open bacterial access to the mucosa leading to increased immunoreactivity, promoting contact of host cells with carcinogenic products.
The type of microorganisms encoding the genotoxic peptide may vary, being present in some individuals and not in others. Genetic alterations may be associated with shifts in microbiota population. Without doubt, the role of diet and of natural prebiotics and probiotics enters this pathogenetic equation. Some food products were confi rmed to reduce or enhance E. coli attachment to the intestinal mucosa (24) . Dietary habits affect gut microbial population and predisposition to malignancy.
Epidemiological literature based on twenty eight publications on geographic distribution in IBD revealed marked phenotypic and ethnic differences (25) . Compared with African Americans, greater proportion of Hispanics and Asians were diagnosed with ulcerative colitis than with Crohn's (26) . Marked phenotypic racial differences were revealed also in anatomic location of IBD expression. African Americans compared with other US ethnic groups had higher predisposition for Crohn's in the colorectum and at the perianal area but less frequently in the terminal small bowel (27) .
Central European region as a geographic host of predisposition for colorectal disease is prominent also in epidemiology of IBD. Ulcerative colitis and Crohn's are more common among the Jews than in non -Jews. The incidence and prevalence of IBD is two-to-four fold higher in Ashkenazi Jews when compared to non-Jewish Caucasians. IBD accounts to 1-3 % of all cases of CRC in the Ashkenazis (28) . The molecular pathway leading to CRC in IBD appears to differ from the more prevalent adenoma -(polyp) sequence resulting in malignancy.
Epidemiological analysis of 233 US Jewish patients with IBD found signifi cantly more Jews of Central European origin relative to individuals of Polish and Russian descent (3). This suggests that IBD genes are more prevalent in the Jewish population that originated in middle Europe than in Poland and Russia. It may indicate a genetically predisposed geographic subset of Jewish population at risk.
NOD2/CARD15 has been identifi ed as a major susceptibility gene for Crohn's disease. Signifi cance of the NOD2/CARD15 mutations carrying an increased risk of IBD was confi rmed in Jewish Crohn's disease patients in Israel (29) . Higher frequency of CARD15 mutations was found in Ashkenazi patients with Crohn's disease from Central (44 %) versus Eastern (24 %) Europe (30) . In general, Ashkenazis appeared to have higher frequency of CARD15 mutations than the Sephardic Oriental Jewish controls. These genetic mutations also contribute to higher incidence of IBD among Ashkenazi Jews.
A report from Hungary (31) interestingly connects with the genetic studies on IBD of other authors. Studies in Eastern European individuals, a large cohort of 652 Hungarian patients with IBD, indicate a serological genotype marker NOD2/ CARD15 to be associated with more complicated disease phenotype, potentially requiring surgical intervention.
Research on association between TNF-SF 15 haplotype and severity of IBD observed higher frequency of the protective haplotype in non Jewish, compared with the Jewish patients (32) .
Better understanding of IBD epidemiology and its relation to CRC may come from intensive genome-wide research to link specifi c genetic loci with phenotypic traits in individuals at risk.
Potential pathogenetic factors in regional differences of colorectal malignancy
CRC is a biologically heterogenous disease that can develop via a number of distinct pathways, involving different combinations of genetic and epigenetic changes (33) . Variability in etiopathogenetic alterations can translate to differences in predisposition and survival in CRC (34) . Genetic differences in tumor biology may be responsible for racial disparity in CRC. The prevalence of microsatellite that generally predicts better outcome was only 7.4 % in African Americans (higher incidence of CRC) compared to 14 % among the white US patients (19) .
Past three decades marked an important progress in the identifi cation of somatic genes and epigenetic factors present in CRC (35) . Still, the extensive complexity and diversity in CRC genomes and epigenomes contribute to diffi culty in clarifi cation of the ethnic factors in CRC.
The accumulation of multiple loss-of-function defects in tumor suppressor genes, and gain-of-function defects in selected tumor suppressor genes combines with epigenetic mechanisms, including changes in DNA methylation. Strategies attempting to defi ne molecular alterations in CRC may prove useful in revealing cancer initiation, response to conventional and novel therapy, cancer recurrence and overall outcome (35) .
Regarding acquired CRC expression, multiple factors have to be considered. It is not only the modifying effect of the diet, dietary antioxidants, vitamin D stores, the intestinal microbiota but also socioeconomic mechanisms. These include availability of CRC screening and diagnosis, quality of health care, as well as public awareness of disease symptoms.
Colorectal epithelium is the site of origin of CRC. The integrity of colonic mucosa depends on coordination of the epithelium, luminal microorganisms and the epithelial immune system. This is oriented for innate and adoptive recognition of microbial antigens.
Intestinal epithelial cells normally provide an effi cient barrier to exclude adverse enteric bacteria possessing their immunologically active adjuvants, from interacting with immune cells in the lamina propria (36) . In health, host commensal bacteria activate a response by epithelial plasma cells, macrophages, T lymphocytes and beta cells, to permit coexistence with potentially toxic microbial products. Induction of protective molecules stimulates defensive mechanisms that enhance the function of the mucosal barrier. Protective capacity of the mucosa is balanced against the tissue damage produced by microbial immune activity, with the ultimate aim to preserve normal intestinal function (37) .
Research on dynamic interaction of commensal microorganisms with the host environment (36) has the potential to reveal geographic and ethnic differences in CRC. Intake and availability of protective nutrients may vary among populations that manifest different predisposition to CRC. Essential role of population diet and of potential manipulations affecting the gut microbiome (antibiotics, prebiotics and probiotics) (38) appears a challenging subject in studying geographic predisposition to CRC. Documented environmental factors shaping the gut microbial environment include peripartum transfer of maternal microbiota and the benefi t of breast feeding, instead of using sterile commercial dietary supplements. Almost 90 % of the colorectal tumors originates sporadically, genetic predisposition or familiar oncological burden takes place in only 5 %. The most important exogenic factor is dietetary regime of the individual. High volume of vegetable diet has protective effect, because of the containment of anti-tumorous substances (carotenoids, folates, phenols, fl avonoids). Consumation of fructo-oligosacharides selectively improves growth and activity of potentially benefi cial bacteria (lactobacilli, bifi dobacteria). The risk of tumor formation is decreased with non-digestable fi ber and carotenoids. Regular body activity and physical training is also considered as a protective factor. One of the highest risk factors are consumation of red meat, which increases the stimulation of biliary acids and developement of carcinogenous nitrosamine. Obesity also doubles this risk. In developement of colorectal cancer also known is the synergic effect of smoking and alcohol abuse.
Several specifi c nutritional factors have been proposed to affect gut integrity. Higher tissue stores of vitamin D were reported to be associated with reduced risk of CRC (39) . Vitamin D may interact with the immune system, boosting its protective response to tumor growth. However, recent reviews have cast doubt on any causal link between vitamin D defi ciency and non skeletal health. Vitamin D defi ciency may just be a marker of ill health.
Diet poor in folic acid and in vitamin B6, reduced intake of calcium and of milk products have also been associated with higher risk of CRC (40) . This extensive list also was suggested to include statins and aspirin medication. And, also in the inventory of potential culprits, there is the usual reference to factors of life style, adverse effect of physical inactivity, overweight, smoking, alcohol and processed food .
It is hard to believe that individuals in Hungary, Slovakia, Croatia and Ashkenazi Jews living in the United States as a second or third generation, would share simple unifying causative factors, related to a dietary component or to difference in life style. Serious research, molecular biology and genetic studies are the potential key to unravel the enigmatic predisposition of Central East Europeans for CRC. Exploration of CRC pathogenesis in Central East Europe may yield key insights into genetic and environmental risk factors which may be applicable to all ethnicities.
In conclusion, high incidence of colorectal cancer in Central-East Europe, in Hungary, Slovakia and Croatia represents a remarkable scientifi c challenge. Crohn's disease, risk factor in CRC, varies greatly in terms of geographic incidence, clinical severity and pathological fi ndings. Genotypic predisposition to CRC and to infl ammatory bowel associated with CRC in American Ashkenazi Jews who originated from Central East Europe, is further adding weight to this interesting dilemma. It suggests the existence of an important genotypic component present and acting in this speci-fi c geographic distribution of CRC. However, temporal variation in CRC, an impressive decline of this malignancy in the Czech population, indicates relevant environmental infl uences, capable to modify the CRC phenotype. There is a hope that when both the genotypic and the non-innate causes of CRC variability are identifi ed, medicine will be able to implement preventive measures effective against this feared malignant scourge.
